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Abstract 
Background: The C allele of a common polymorphism of the serotonin 2A receptor (HTR2A) 
gene, T102C, results in reduced synthesis of 5-HT2A receptors and has been associated with 
current smoking status in adults. The -1438A/G polymorphism, located in the regulatory region 
of this gene, is in linkage disequilibrium with T102C, and the A allele is associated with 
increased promoter activity and with smoking in adult males. We investigated the contributions 
of the HTR2A gene, chronic psychological stress, and impulsivity to the prediction of cigarette 
smoking status and dependence in young adults. 
Methods: T102C and -1438A/G genotyping was conducted on 132 healthy Caucasian young 
adults (47 smokers) who completed self-report measures of chronic stress, depressive symptoms, 
impulsive personality and cigarette use. 
Results: A logistic regression analysis of current cigarette smoker user status, after adjusting for 
gender, depressive symptom severity and chronic stress, indicated that the T102C TT genotype 
relative to the CC genotype (OR = 7.53), and lower punishment sensitivity (OR = 0.91) were 
each significant predictive risk factors. However, for number of cigarettes smoked, only lower 
punishment sensitivity was a significant predictor (OR = 0.81). 
Conclusions: These data indicate the importance of the T102C polymorphism to tobacco use but 
not number of cigarettes smoked for Caucasian young adults. Future studies should examine 
whether this is explained by effects of nicotine on the serotonin system. Lower punishment 
sensitivity increased risk of both smoking and of greater consumption, perhaps via a reduced 
sensitivity to cigarette health warnings and negative physiological effects.  
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Cigarette smoking in young adults: The influence of the HTR2A T102C polymorphism 
and punishment sensitivity 
1. Introduction 
 
Despite substantial education efforts and enhanced community awareness of the health 
risks of smoking, young people continue to take up this risky behaviour and become addicted. In 
Australia, the latest national data report 12.1% of 14-19 year olds and 39.5% of 20-29 year olds 
are current or ex-smokers of cigarettes (Australian Institute of Health and Welfare, 2008). 
 Twin studies and family-based linkage studies have shown substantial heritability (50-
60%) associated with each stage of tobacco smoking behaviour: initiation, maintenance, and 
smoking cessation and withdrawal (Lessov-Schlaggar et al., 2008). Gene association studies 
have identified several specific candidate genes and gene regions that are associated with aspects 
of tobacco smoking behaviour. Much research has focused on the mesolimbic dopamine reward 
pathway of addiction, and hence dopaminergic candidate genes (Connor et al., 2007). However, 
nicotine exerts direct and indirect effects on a range of receptor systems, including the serotonin 
system (Lessov-Schlaggar et al., 2008). Serotonin 2A receptors (5-HT2A) modulate dopamine 
neurons in this reward pathway (Egerton et al., 2008) and also appear to be important in 
mediating the actions of serotonin in the medial prefrontal cortex during stress (Holmes, 2008). 
Stress is a widely reported risk factor in the development and maintenance of addiction, 
including relapse vulnerability, and smokers consistently attribute their smoking as a means to 
reduce stress or anxiety (Kassel et al., 2003; Sinha, 2008). Recent evidence suggests serotonin 
receptor signalling is a common major genetic pathway for both smoking initiation/progression 
and nicotine dependence phenotypes (Wang and Li, 2010). 
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The T102C polymorphism (rs6313) of the 5-HT2A receptor gene (gene ID: 3356), 
located in chromosome 13 (13q14-q21), involves the replacement of a cytosine by a thymine 
(Peroutka, 1998; Warren et al., 1993). This substitution is associated with differential gene 
expression, whereby total levels of 5-HT2A receptor messenger ribonucleic acid (mRNA) and 
protein in healthy people with the C/C genotype are lower than those in healthy people with the 
T/T genotype (Polesskaya and Sokolov, 2002). The -1438A/G polymorphism (rs6311), located 
in the regulatory region of this HTR2A gene, is in strong or complete linkage disequilibrium 
(LD) with T102C (A allele with the T allele respectively) (Bray et al., 2004; Kouzmenko et al., 
1999; Kusumi et al., 2002; Spurlock et al., 1998) and the A allele is associated with increased 
promoter activity (Parsons et al., 2004).  
To our knowledge there have been only four reported studies investigating associations 
between either of these two polymorphisms and smoking behaviour, mostly with smoking status 
and predominantly with middle-aged adults. The first, an admixture of three Brazilian samples of 
adults (N = 625; mean age = 55.12), reported an association between the CC genotype and 
current tobacco smoking status (odds ratio, OR= 1.63, 95% CI 1.06-2.51) (do Prado-Lima et al., 
2004). More recently, a separate study of 348 Brazilian males reported a higher frequency of the 
A allele of the -1438A/G gene in both alcohol dependent tobacco smokers and non-alcohol 
dependent smokers compared with non-smoking controls (Polina et al., 2009). Mean ages for the 
three groups were 41, 37 and 31 respectively. No association was found between -1438A/G and 
number of cigarettes smoked daily. Given the LD between the two polymorphisms, the direction 
of the latter study’s A allele association is in contrast to the previously reported C association 
from the same Brazilian population. A similar study of 82 Japanese smokers (mean age = 39.6 
years) and 125 healthy controls (mean age = 46.8 years) did not find an association with smoking 
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status for either T102C or -1438A/G genotype or allele frequency (Terayama et al., 2004). This 
discrepancy may reflect differences in population stratification, with the association for a 
homogenous Caucasian sample untested.  
Only one study has thus far investigated either polymorphism with a younger population, 
who are assumed to be more exposed to negative health information related to smoking prior to 
initiation. It found no allelic association of -1438A/G with either smoking initiation or severity 
of dependence in a large sample of Jewish Israeli female college students aged 20-30 years 
(Lerer et al., 2006). The lack of an association with initiation, compared to the Brazilian male 
studies, could reflect age-related cohort differences (e.g., differences in the extent of negative 
health messages available and social norms) or a gender-dependent effect.  
In behavioural genetics, most traits reflect the interplay of genes and environment (Caspi 
and Moffitt, 2006). The HTR2A gene has been shown to be particularly responsive to 
environmental conditions (Keltikangas-Jarvinen and Salo, 2009).  Impulsive personality and 
psychosocial stress are two risk factors that have been consistently associated with smoking 
initiation or current smoking status as well as with other substance use, and with greater severity 
of dependence or consumption level (Greenbaum et al., 2006; Holmes, 2008; Kassel et al., 2003; 
Lerer et al., 2006; Sinha, 2008). 
Measures of impulsivity are associated with altered dopaminergic and serotonergic brain 
activity (Gray and McNaughton, 2000). Gray’s theory of reinforcement sensitivity theory (RST) 
posits that the dopamine-led behavioural activation system (BAS), which is sensitive to reward 
cues (SR), activates approach and goal-directed behaviours (Gray and McNaughton, 2000). The 
hypothesised serotonin-led behavioural inhibition system (BIS), theorised to be sensitive to cues 
of punishment (SP) and nonreward, guides aversive behaviour and is instrumental in stopping 
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behaviours (to avoid punishment). Consistent with RST’s theoretical predictions, several studies 
have reported associations between stronger self-reported BAS/SR and weaker BIS/SP with 
various types of substance use, including nicotine and cannabis (Knyazev, 2004; Loxton et al., 
2008; O’Connor et al., 2009; Simons and Arens, 2007; Simons et al., 2008). A recent fMRI study 
found that smokers exhibited greater activation of the insular cortex in response to monetary gain 
(i.e., stronger SR), compared to both healthy controls and problem gamblers (age and education 
matched) (de Ruiter et al., 2009). The smokers also showed reduced activation of the right 
ventrolateral prefrontal cortex in response to monetary loss (i.e., weaker SP) relative to controls. 
This hyporesponsiveness to punishment may contribute to the development and maintenance of 
ongoing substance use despite serious adverse consequences (de Ruiter et al., 2009; Simons et 
al., 2008).  
Rash or spontaneous impulsivity is associated with aspects of smoking behaviour 
(Krishnan-Sarin et al., 2007; Skinner et al., 2004; VanderVeen et al., 2008). This may be related 
to the difficulty in stopping substance use once it has been initiated in response to reward cues 
(Dawe and Loxton, 2004). Chronic administration of selective serotonin reuptake inhibitors 
(SSRIs) is effective in reducing this type of impulsive behaviour, in both animals (Wolff and 
Leander 2002) and humans (New et al., 2004). 
Despite their shared associations with serotonin, few studies have examined impulsivity 
and chronic stress in conjunction with genetic risk related to brain serotonin function for 
smoking behaviours. Lerer et al. showed an interaction between a serotonergic gene (5-HT6) 
with lifetime experience of traumatic events such as violent attack, sexual assault or terrorist 
attack and smoking initiation (current smokers vs. never smokers) in a large sample (N=501) of 
Jewish Israeli female college students aged 20-30 years (Lerer et al., 2006). However, this 
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interaction did not predict high vs. low nicotine dependence. The personality variable novelty-
seeking was independently predictive of both. While two polymorphisms of the HTR2A gene 
(C1354T and -1438A/G) were also tested and not significantly associated with either smoking 
initiation or severity of dependence, they were not included in the multivariate logistic regression 
model due to ethnic stratification, and the T102C polymorphism was not tested. Further, the 
experience of severe trauma as experienced in this sample likely results in a different pattern of 
results than that of chronic daily exposure to more ordinary everyday life stressors.  
The primary aim of this study was to test two hypotheses examining polymorphisms 
associated with altered 5-HT2A receptor density, gene expression and transcription, and smoking 
behaviour: whether T102C or -1438A/G genotypes predict current smoking behaviour in young 
adults in association with impulsive personality and chronic stress exposure, after adjusting for 
gender and depressive symptoms, and whether these relationships are found for both being a 
smoker (status) and number of cigarettes smoked on a daily basis. The contributions of three 
aspects of impulsivity were examined via self-report: reward sensitivity, punishment sensitivity 
and rash impulsivity (Patton et al., 1995; Torrubia et al., 2001). To reduce the influence of 
potential confounds associated with psychopathology and ethnic stratification, we studied a 
community sample of Caucasian young adults screened for psychiatric illness. Depressive 
symptoms were assessed and controlled for in the analyses. 
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2. Materials and methods 
 
2.1 Participants 
 
132 Caucasian participants (62 female and 70 male) aged between 17 and 25 (M = 19.44 
years, SD = 2.15) were recruited from Brisbane Technical and Further Education (TAFE) college 
campuses through advertising. Potential participants were screened at initial contact via self-
report for exclusion criteria: outside the age range of 17 to 25 years, history of head injury or 
psychiatric disorder, current gum or mucosal tissue disease and insufficient English language to 
complete the questionnaires. All participants provided signed informed consent as approved by 
the Queensland University of Technology Human Research Ethics Committee and were 
provided with $20 to meet travel expenses. 
Of the 132 participants, 113 (85.6%) were Australian-born and 105 (79.55%) reported 
completing high school. Despite prior screening criteria, 5 (3.8%) participants reported a history 
of head injury in the demographic questionnaire, and 11 (8.3%) reported a history/prior diagnosis 
of a psychiatric disorder.  All participants were assessed as having normal cognitive function by 
the Trail Making Test (TMT) (Spreen and Strauss, 1998) and an absence of psychiatric 
symptoms according to the General Health Questionnaire-28 (GHQ-28) (Goldberg and Williams, 
1988). On this basis, their data were retained and used in subsequent analyses. Seventeen 
(12.9%) participants reported a forensic history, typically involving minor offences. 
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2.2 Materials and procedure 
 
Participants were tested individually or in small groups in 1-hour sessions conducted in 
small rooms at the participant’s place of study. Collection and laboratory staff were blind to 
genotype and smoking condition respectively, during all experimental procedures. Participants 
completed a questionnaire pack, provided mouth swab samples and then completed the TMT as a 
screening measure of cognitive function (Spreen and Strauss, 1998). The pack included a 
demographic form, a psychiatric health screening measure (GHQ-28; Goldberg and Williams, 
1988), standard questionnaires of impulsivity, chronic stress, depressive symptoms, and cigarette 
and substance use history.  
Impulsivity measures included Gray’s RST-derived reward sensitivity (SR) and 
punishment sensitivity (SP) scale scores (from the Sensitivity to Reward and Sensitivity to 
Punishment Questionnaire, SPSRQ; Torrubia et al., 2001) and a third dimension of rash 
impulsivity, assessed via total score on the Barratt Impulsiveness Scale: Version 11 (BIS-11; 
Patton et al., 1995). Chronic environmental stress was assessed by total score on a slightly 
modified form of the Chronic Stress Scale (CSS; Norris and Uhl, 1993), adapted to reflect the 
younger age of the sample. Depressive symptoms were assessed via the Beck Depression 
Inventory (Beck, 1996).  Items from the Fagerstrom Tolerance Questionnaire (Fagerstrom, 1978) 
were used to determine current cigarette smoking status (smoke at least one cigarette per day) 
and level of consumption (average cigarettes smoked daily). All measures selected have sound 
psychometric characteristics and are well validated (see online Supplementary Material for 
further details). 
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2.3 HTR2A T102C and -1438A/G Genotyping 
 
Buccal mucosa cells were collected via mouth swab samples using Cytosoft nylon bristle 
cytology brushes (Medical Packing Corporation, CA, USA). Mouth swabs were used to obtain 
samples for DNA analysis to avoid a selective exclusion of participants with blood and injection 
phobias. These buccal mucosa cells were spun and DNA was extracted from leucocytes using 
standard techniques and subsequently used as a template for determination of genotypes (Grandy 
et al., 1993). The HTR2A T102C and -1438A/G polymorphisms were genotyped using a 
commercial genotyping service provided by the Australian Genome Research Facility (Brisbane, 
Australia).  The method used employed matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry to genotype using a homogeneous MassEXTEND™ assay (Sequenom, San 
Diego, USA). 
 
2.4 Statistical analysis 
 
Separate logistic regression analyses were run to identify the predictors of current 
cigarette smoking status (defined as smoking at least one cigarette on average per day) and 
number of cigarettes smoked (low vs. high daily consumption, based on a median split) 
respectively. Possible predictors included in the models were HTR2A T102C genotype (TT, TC, 
CC; with CC as the reference) or HTR2A -1438A/G genotype (AA, AG, GG; with GG as the 
reference), gender, depressive symptom severity (minimum to mild vs. moderate to severe as 
determined by the BDI clinical cut-off scores) and scores for chronic stress exposure (CSS), 
reward sensitivity (SR), punishment sensitivity (SP) and rash impulsivity (BIS-11).  
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3. Results 
 
3.1 Preliminary checks and descriptive statistics 
 
T102C genotyping identified 42 (31.8%) participants as CC genotype, 72 (54.5%) as TC 
genotype and 18 (13.6%) as TT genotype. These frequencies are in Hardy-Weinberg 
equilibrium, 2(1, N = 132) = 2.17, p = 0.14. Genotyping for -1438A/G identified 41 (31.1%) 
participants as GG genotype, 74 (56.1%) as AG genotype and 15 (11.4%) as AA genotype. 
These frequencies are not in Hardy-Weinberg equilibrium, 2 (1, N = 132) = 4.57, p = 0.03. 
There are multiple explanations for why the distribution of a polymorphism in a given sample 
may deviate from Hardy-Weinberg equilibrium (Trikalinos et al., 2006). Given the potential for 
such deviations to bias results (Trikalinos et al., 2006) we have adopted a conservative approach 
and not analysed this polymorphism further.   
Preliminary checks revealed satisfactory internal consistency for all multi-item scales 
(Cronbach’s alpha ranged from 0.74 for SR to 0.92 for the BDI). No significant differences were 
found by testing type (individual vs. small group) for any of the self-report measures, p > 0.05. 
Means, standard deviations and actual score ranges for each of the self-report measures are 
presented in Table 1 by gender. All relevant assumptions were met. 
More than 66% of the sample had ever smoked a cigarette. However, only 36.4% 
indicated that they smoked at least one cigarette per day with a mean number of 14 cigarettes 
smoked per day for this subgroup.  Approximately 66% reported smoking 10 or more cigarettes 
per day and 34% smoked 20 or more cigarettes per day.  
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3.2 Current cigarette smoking status 
 
A binary logistic regression analysis was conducted to examine the contribution of 
HTR2A T102C genotype, chronic stress exposure and impulsivity variables to the prediction of 
being a current cigarette smoker, after adjusting for gender or depression severity differences. 
All variables were entered together. The model had good fit to the data (Omnibus 2 = 23.18, df 
= 8, p = 0.003; Hosmer and Lemeshow 2 = 9.34, df = 8, p = 0.31), predicting 25.5% of the 
variance (Negelkerke R2) in current smoker status. As shown in Table 2, after adjusting for other 
variables, T102C genotype and punishment sensitivity were significant predictors of cigarette 
smoking status. Specifically, having a TT genotype increased the odds of being a current smoker 
by 7.53 times compared to having a CC genotype (OR = 7.53). Lower punishment sensitivity 
was also a risk factor in this model, with every one-unit increase in a young adult’s punishment 
sensitivity score decreasing the odds of being a smoker by a factor of 0.91 (OR = 0.91) 
(inversely, a 1-unit decrease in SP is associated with an increase in the odds of being a smoker 
by 1.10 times) . For perspective, having a score that is one standard deviation higher than the 
mean on SP (5.51 points) increases the odds of being a current smoker by a multiple of 1.68. 
Having a TC genotype relative to CC genotype (OR = 2.53) was marginally significant (p = 
0.088), and identified as a possible risk factor for cigarette smoking in this sample. Raw 
percentages of smokers in this sample by genotype (Table 2) also suggest a linear effect of T 
allele on risk of being a smoker. Although the raw percentages and adjusted odds ratio for 
depressive symptoms suggest those reporting more severe symptoms are approximately at twice 
the risk of being a smoker as those reporting milder symptom severity, depressive symptom 
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severity was not a significant risk factor within this model. There were also no significant effects 
of gender or reward sensitivity. 
 
3.3 Number of cigarettes smoked daily 
 
Next, the same binary logistic regression model was tested for its prediction of number of 
cigarettes smoked daily rather than smoking status. Current smokers (n = 47) were median split 
into low and high smokers, with high smokers reporting that they smoked more than 12 
cigarettes per day. As before, gender, depressive symptom severity, T102C genotype, chronic 
stress and impulsivity variables (SR, SP, rash impulsivity) were entered together. The model had 
a good fit to the data (Omnibus 2 = 16.51, df = 8, p = 0.036; Hosmer and Lemeshow 2 = 11.97, 
df = 8, p = 0.15), predicting 46.0% of the variance (Negelkerke R2) in number of cigarettes 
smoked. In contrast to the results for current smoking status, for number of cigarettes smoked 
only punishment sensitivity was a significant predictor (see Table 3). Lower punishment 
sensitivity was a significant risk factor for higher cigarette consumption levels among the young 
smokers (OR = 0.81, p = 0.027). Every one-unit decrease in punishment sensitivity score (on a 
scale from 0 to 21) increases the odds of being a current smoker by a multiple of 1.23. Chronic 
stress showed a trend to significance as a risk factor for higher cigarette consumption (OR = 
1.07, p = 0.061). 
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4. Discussion 
 
The results support the hypothesis that the HTR2A T102C polymorphism is associated 
with cigarette smoking status. This was after adjusting for gender, depressive symptoms, 
impulsivity and chronic stress risk factors in Caucasian Australian young adults. The T102C was 
not however associated with number of cigarettes smoked. Homozygotes for T102 (TT 
genotype) were more likely to be current cigarette smokers than homozygotes for 102C (CC). 
Lower punishment sensitivity (SP) was a consistent risk factor for being a current smoker, and 
for number of cigarettes smoked among the young smokers. Chronic stress exposure only 
showed a trend to significance as a risk factor for greater cigarette consumption, while gender, 
depressive symptoms and reward sensitivity were not significant predictors of either smoking 
measure. A limitation of the current study is its relatively small sample size, and as such, the 
findings require replication. To strengthen confidence in our findings we have selected an 
ethnically homogenous sample of Caucasians, with a restricted age range of 17-25 year olds, and 
accounted for potential gender effects through inclusion in the regression models. However, 
particularly for the smoking subsample analysis, given the small sample size and subsequently 
reduced power, the lack of associations with some of the predictors (such as T102C genotype) 
could be the result of Type II error. Reliability of the estimates is also lower for smaller sample 
sizes relative to the number of predictors and so this also increases the risk of Type I errors 
(finding significant effects that do not really exist). As such, caution is warranted in interpreting 
this study’s findings, particularly relating to the second smoker subsample model (number of 
cigarettes smoked).  
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The finding that the T102C TT genotype is a risk factor for tobacco use contrasts with the 
earlier Brazilian study’s findings of an association of the CC genotype with current cigarette 
smoking status (do Prado-Lima et al., 2004), but is consistent (given its strong LD with -
1438A/G) with the more recent Brazilian association of the AA genotype of the -1438A/G 
(Polina et al., 2009). As mentioned previously, two other studies have not found associations 
with -1438A/G in Israeli and Japanese samples and with T102C in the Japanese sample (Lerer et 
al., 2006; Terayama et al., 2004). Potential explanations for these opposing findings include 
different sample characteristics. Our study sampled a homogenous Caucasian Australian young 
adult population, aged between 17 and 25 years. In contrast, the earlier Brazilian sample was an 
admixture of three middle-aged adult samples with presumed ethnic heterogeneity (do Prado-
Lima et al., 2004), possibly leading to population stratification effects. The Japanese sample was 
also middle-aged (Terayama et al., 2004). As noted earlier, such older samples may have taken 
up smoking at a time when the substantial health risks associated with this behaviour were not as 
well known, understood or accepted as they are today. Furthermore, they had presumably been 
smoking for a much longer period of time. Young people today, particularly in Australia, are 
likely to be better informed about risks however 36% of the current sample still took up this 
behaviour and remain current smokers. It could be argued that the genetic association found with 
such a sample may represent a different underlying aetiology than that of the Brazilian or 
Japanese older samples. 
This explanation also aligns with the association of lower SP with both tobacco use and 
number of cigarettes smoked in the current sample. This association is consistent with the recent 
finding of reduced prefrontal brain activity in tobacco smokers in response to punishment cues 
(de Ruiter et al., 2009) and with previously reported associations between lower self-reported SP 
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and cannabis use (Loxton et al., 2008; Simons and Arens, 2007; Simons et al., 2008). Reduced 
SP may reflect a reduced sensitivity to aversive cues in the environment surrounding this 
behaviour for these individuals, such as media health messages of the increased risks of 
respiratory disease for smoking and/or experienced acute negative physiological effects. This 
could potentially contribute to both initiation of use (if there is biased cognitive processing of 
perceived rewards over negative consequences) and also maintenance, with Gray’s BIS not 
sufficiently activated in response to these negative health cues to induce the behaviour to cease 
(de Ruiter et al., 2009; Gray and McNaughton, 2000). Interestingly, imaging studies have shown 
an SSRI-induced (fluoxetine) ‘normalisation’ of decreased relative prefrontal cortex glucose 
metabolism in conjunction with clinical improvement in impulsive aggressive personality 
disordered patients (New et al., 2004). SP is hypothesised by Gray to be functionally related to 
serotonin-led activity which helps to resolve conflict between processing of opposing reward and 
punishment/nonreward cues. 
In this study reward sensitivity was not a significant predictor in either of the models of 
cigarette use or number of cigarettes smoked, in contrast to a reported association of stronger SR 
with cigarette use in university students (O’Connor et al., 2009), and with reported greater 
activation of the insular cortex in smokers in response to monetary gain (de Ruiter et al., 2009). 
A possible explanation for this discrepancy is shared variance with the other variables in the 
model. Inspection of the crude odds ratios for SR in comparison to the adjusted odds ratios 
supports this possibility. In contrast there appears to be little difference in crude vs. adjusted 
odds ratios for rash impulsivity, which did not emerge as a significant predictor in either the use 
or consumption number of cigarettes smoked models. Importantly, this is the first time these 
impulsivity dimensions have been investigated together with genetic risk and chronic stress for 
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smoking behaviour. Future studies with a larger sample size could extend on these findings by 
directly investigating possible interactions between these variables. 
The differential effect of the HTR2A gene as a risk factor for use, but not for number of 
cigarettes smoked, highlights the importance of investigating multiple aspects of smoking 
behaviour. It suggests a role of the HTR2A T102C polymorphism in initiation and maintenance 
of smoking behaviour but not level of consumption. However, this contrasts with a recent 
pathway analysis which found serotonin receptor signalling to be a common genetic pathway for 
both smoking phenotypes (Wang and Li, 2010), and our smaller sample size for the severity 
phenotype requires caution in interpreting our results. We did not measure serotonin activity and 
therefore can only speculate that this relationship may involve serotonergic processes, given that 
TT genotypes are characterised by increased synthesis of 5-HT2A receptors and increased 
promoter activity (Parsons et al., 2004; Polesskaya and Sokolov, 2002). Punishment sensitivity 
seems to be important for both use and number of cigarettes smoked, which is consistent with the 
assumption that it confers a reduced sensitivity to the known negative consequences of smoking 
for their health. Finally, chronic stress exposure reached trend level as a  possible risk factor for 
degree of smoking consumption, consistent with previous reported associations and the stress-
reduction or self-medication hypotheses of smoking (Kassel et al., 2003; Sinha, 2008).  
These findings suggest a role for serotonergic pharmacotherapies such as SSRIs for 
cessation of smoking in subgroups of young adults through two potential mechanisms yet to be 
fully investigated. Firstly, by normalising reduced prefrontal activity that is possibly associated 
with the reduced punishment sensitivity observed in the smokers in this sample and thereby 
providing greater control over impulsive smoking behaviours and enhancing the ability to stop 
(de Ruiter et al., 2009; New et al., 2004). Secondly, research should investigate if SSRIs are 
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effective for quitting in those with the T102C TT genotype. While the current body of research 
examining the efficacy of SSRIs as nicotine cessation aids is mixed and overall not supportive, 
only a handful of serotonin gene-dependent efficacy studies have been conducted (David et al., 
2008; Hughes et al., 2007). To our knowledge, there is currently no published research 
examining the HTR2A T102C or -1438A/G polymorphisms in this context.  
Further, it is likely there are multiple environmental and genetic risk factors contributing 
to smoking behaviour in young adults. Future research using a larger sample could investigate 
gene-gene interactions, possibly between the dopaminergic DRD2 C957T and ANKK1 TaqIA, 
given their similar in vivo associations with reduced striatal DRD2 density (Hirvonen et al., 
2005; Jonsson et al., 1999; Pohjalainen et al., 1998), evidence for an association between the 
TaqIA and smoking in males (Munafo et al., 2009) and between the C957T and stress-induced 
reward sensitivity (White et al., 2009).  
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Table 1  
Descriptive statistics for self-report measures by gender 
  Male Female 
 Range 
(actual) N Mean SD N Mean SD 
Depressive Symptoms 
(BDI-II) 
0-49 64 10.69 9.69 60 13.55 10.70 
Chronic Stress      
(CSS) 
7-68 70 27.91 12.73 62 28.32 12.69 
Reward Sensitivity 
(SPSRQ SR) 
4-23 70 13.59 4.24 62 11.97 4.07 
Punishment Sensitivity 
(SPSRQ SP) 
0-21 70 10.44 5.51 62 12.40 4.91 
Rash Impulsivity   
(BIS-11) 
46-98 64 72.44 10.58 61 72.34 10.00 
Daily Cigarettes 
Smoked 
1-50 26 14.85 11.33 21 12.48 9.11 
Note. BDI-II = Beck Depression Inventory – Second Edition (Beck 1996); CSS = Chronic Stress 
Scale(Norris and Uhl, 1993); SPSRQ = Sensitivity to Punishment (SP) and Sensitivity to Reward 
(SR) Questionnaire (Torrubia et al., 2001); BIS-11 = Barratt Impulsiveness Scale – Version 11 
(Patton et al., 1995). 
 
   
Table 2  
Multivariate relationships between current cigarette smoking status and demographic, affective, 
personality and T102C genotype variables in an Australian Caucasian community sample of 132 
young adultse   
 
 N % 
Smokers 
Crude 
OR a      Adjusted
 b
 p d 
     OR a  95% CI c  
Gender       0.936 
 Female 61 33.9   referent  
 Male 68 37.1 1.18 1.04 (0.42 – 2.56)  
BDI severity       0.197 
 Min-mild 93 28.1   referent  
 Mod-severe 28 53.6 2.82 2.23 (0.66 – 7.53)  
HTR2A T102C       0.036 
genotype CC 40 26.2   referent  
 TC 72 37.5 1.58 2.53 (0.87 – 7.32) 0.088 
 TT 17 50.0 2.97 7.53 (1.58 – 35.89) 0.011 
 Possible 
score range 
      
Stress 0-88   1.04 1.03 (0.99 – 1.08) 0.106 
Reward 
Sensitivity 
0-24   1.06 1.02 (0.91 – 1.16) 0.712 
Punishment 
Sensitivity 
0-24   0.98 0.91 (0.83 – 0.99) 0.040 
Rash 
Impulsivity 
30-120   1.05 1.04 (0.99 – 1.09) 0.119 
Model is significant (2 = 23.18, p = 0.003, Negelkerke R2 = 0.255). 
a
 OR, odds ratio of current smokers  
b odds ratio mutually adjusted for all other variables in the table 
c CI, confidence interval for true estimate of adjusted odds ratio 
d statistical significance for the adjusted OR e missing data not shown; not all totals to 132 
 
   
Table 3  
Multivariate relationships between number of cigarettes smoked (low vs. high smokers) and 
demographic, affective, personality and T102C genotype variables in an Australian Caucasian 
community sample of 47 young adult smokerse  
 
 N % High 
Smokers 
Crude 
OR a      Adjusted
 b
 pd 
     OR a  95% CI c  
Gender       0.774 
 Female 21 42.9   referent  
 Male 26 57.7 1.97 1.30 (0.22 – 7.70)  
BDI severity       0.183 
 Min-mild 27 63.0   referent  
 Mod-severe 15 33.3 0.32 0.21 (0.02 – 2.08)  
HTR2A T102C       0.344 
genotype CC 11 54.5   referent  
 TC 27 55.6 1.25 4.17 (0.45 – 38.88) 0.210 
 TT   9 33.3 0.50 1.09 (0.08 – 14.52) 0.948 
 Possible 
score range 
      
Stress 0-88   1.01 1.07 (1.00 – 1.16) 0.061 
Reward 
Sensitivity 
0-24   1.18 1.05 (0.85 – 1.30) 0.662 
Punishment 
Sensitivity 
0-24   0.83 0.81 (0.67 – 0.98) 0.027 
Rash 
Impulsivity 
30-120   1.01 1.02 (0.93 – 1.12) 0.660 
Model is significant (2 = 16.51, p = 0.036, Negelkerke R2 = 0.460). 
a
 OR, odds ratio of current smokers  
b odds ratio mutually adjusted for all other variables in the table 
c CI, confidence interval for true estimate of adjusted odds ratio 
d statistical significance for the adjusted OR e missing data not shown; not all totals to 47 
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Table S1 Summary of dependent variable measures used in this study 
Measure Description Variable 
Impulsivity Measures  
SPSRQ Comprises two 24-item dichotomously scored subscales of Sensitivity to 
Punishment (SP) and Sensitivity to Reward (SR) which assess individual’s 
sensitivities of the Behavioural Inhibition System and Behavioural Activation 
System theoretical constructs of Gray’s Reinforcement Sensitivity Theory 
respectively. Both scales show acceptable levels of internal consistency and three 
month temporal stability (Torrubia et al., 2001). The SPSRQ has demonstrated 
good structural validity (O’Connor et al., 2004; Torrubia et al., 2001) and the two 
scales demonstrate theoretically consistent associations with other motivational 
traits such as extraversion, neuroticism, anxiety and sensation-seeking (Caseras et 
al., 2003; Torrubia et al., 2001). The SPSRQ has also demonstrated theoretically 
consistent correlations with behavioural indices of reward-directed approach 
(Smillie and Jackson, 2005) and punishment-cued avoidance behaviour (Avila and 
Torrubia, 2006). 
1. SP scale 
score (score 
range 0-24) 
 
2. SR scale 
score (score 
range 0-24) 
BIS-11 
 
A 30-item questionnaire that provides an assessment of the nature and extent of 
general impulsiveness exhibited in a variety of contexts.  Provides a total score of 
general impulsiveness, considered to reflect rash impulsivity (Dawe and Loxton, 
2004; Dom et al., 2007), as well as three subscale scores: Attentional 
Impulsiveness, Motor Impulsiveness, and Non-planning Impulsiveness, based on a 
series of factor-analytic studies (Patton et al., 1995). Each item is scored on a four 
point (1-4) Likert scale ranging from “rarely/never” to “almost always”, with 
selected items reversed. Higher scores represent a greater degree of impulsivity. 
Psychometric properties have been derived from samples of American university 
students, substance abuse patients, general psychiatric patients and prison inmates 
(Patton et al., 1995) and more recently from a large American convenience 
community sample of 700 adolescents and adults (Spinella, 2007). The BIS-11 
total score has shown good internal consistency with similar Cronbach’s alphas 
across the samples (Patton et al., 1995; Spinella, 2007). Studies have also 
demonstrated good test-retest reliability and a reliable factor structure of the BIS-
11 (Fossati et al., 2001; Patton et al., 1995; Someya et al., 2001).  
Total BIS-
11 Score 
Stress and Mood Measures  
CSS 
 
A 27-item scale that provides a 7-dimensional measure of chronic stress 
experienced in the past six months.  The dimensions are marital stress, parental 
stress, filial stress, financial stress, occupational stress, ecological stress, and 
physical stress. Due to the age range and nature of the student sample in this 
study, only the dimensions of marital stress (modified and renamed relationship 
stress), filial stress (modified and renamed family stress), financial stress, 
occupational stress (broadened to include occupational and/or study stress), 
ecological stress, and physical stress were assessed, yielding 22 items. All items 
are scored on a 5-point Likert scale from never (0) to very often (4) and summed 
to provide a total score. It has good internal reliability for the total scale and 
subscales, and good validity (Norris and Uhl, 1993). 
Total CSS 
Score  
(score 
range 0-88) 
 
BDI – II Comprises 21 self-descriptive statement items. Participants select the statement 
which best describes how they have been feeling in the past week.  Each item is 
scored on a four-point (0-3) Likert scale.  Higher scores represent a greater degree 
of depressive symptoms (Beck 1996). It has excellent internal consistency in 
student samples (Beck et al., 1996; Steer and Clark, 1997; Whisman et al., 2000; 
Wiebe et al., 2005) and good short-term test-retest reliability in non-clinical 
samples (Beck 1996; Wiebe et al., 2005). Research also supports it’s criterion-
related, convergent and discriminant validity (Beck 1996; Arnau et al., 2001). 
Total BDI-
II Score 
Note: SPSRQ, Sensitivity to Punishment and Sensitivity to Reward Questionnaire (Torrubia 
et al., 2001); BIS-11, Barratt Impulsiveness Scale - Version 11 (Patton et al., 1995); CSS, 
Chronic Stress Scale (Norris and Uhl, 1993); BDI-II, Beck Depression Inventory – Version II 
(Beck, 1996). 
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